Application No.: 10/597733 

Amendment Dated: April 16, 2007 

Reply to Office action of: January 18, 2007 



AMENDMENTS TO THE CLAIMS 

The following Listing of Claims will replace all prior versions, and listings, of 
claims in the application: 

Listing of Claims: 

Claim 1 (currently amended): A method of controlling generated torques of 
respective torque generation means in-tbe_a leg body exercise assistive apparatus, 
which includes a pair of leg sections , each to be attached to both l ogs a different one 
of a porson person's legs so as to be movable integrally with the person's legs, with 
each of the leg sections oach having^ 

a foot orthosis portion , wh i ch i s disposed on tho for supporting a bottom side 
of-4he_a foot o f oach l og so as to bo l and i ng the person to whom the leg 
sections are to be attached, with the foot put on tho foot orthos i s 
port i on dur i ng tho l and i ng por i od, bo i ng oonnootod w i th 
joint regions corresponding to an ankle joint, a knee joint, and a hip joint of 
each leg of the person to whom the leg sections are to be attached , 
r e sp e ct i v el y, a l ong th e le g, 
link members for attaching the foot orthosis portion and the joint regions to the 
person's legs, and 

the-torque generation means capable of generating_a support torguos torgue 
applied to at least the joint regions corresponding to the knee joint and 
the hip joint of the4e g person's legs to which the leg sections are to be 
attached , 
the method comprising: 

a moment estimation step-e f comprising: 

sequentially estimating person-side joint moments when the person 
wearing the leg body exercise assistive apparatus is moving the 
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person's legs , which-afe includes as components thereof 
moments to be generated at least in the knee joint and the hip 
joint of each leg, in a s i tuation whoro tho person wear i ng tho l og 
body oxorc i so ass i stive apparatus i s mak i ng a mot i on of h i s or 
hor both l ogs, on the assumption that the person is making 
almost the same motion as the motion of the legs with the leg 
body exercise assistive apparatus removed from the person, 
and 

©f-sequentially estimating apparatus-side joint moments, which-afe 

includes as components thereof moments to be generated in the 
joint regions of the leg body exercise assistive apparatus 
corresponding to at least the knee joint and the hip joint of each 
leg, respectively, on the assumption that the leg body exercise 
assistive apparatus is independently making almost the same 
motion as the motion of the person's legs without being attached 
to the person ; and 

a torque control step-e f comprising controlling the torque generation means so 
as to generate a torquo, as tho support torque, which is obtained by 
adding a torque determined according to-an the estimated value of the 
person-side joint moment corresponding to the joint region concerned 
to a respective reference torgue, assum i ng on the assumption that-afi 
the estimated value of the apparatus-side joint moment of each joint 
region corresponding to each of the knee joint and the hip joint of the 
leg is the reference torque to be generated by the torque generation 
means corresponding to the joint region concerned. 

Claim 2 (currently amended): A method of controlling generated torques of 
respective torque generation means in-tbe_a leg body exercise assistive apparatus, 
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which includes a pair of leg sections , each to be attached to both a different one of a 
person's legs of a person so as to be movable integrally with the person's legs, with 
each of the leg sections oach having^ 

a foot orthosis portion , wh i ch i s disposed on tho for supporting a bottom side 
of-the_a foot o f oach l og so as to bo l and i ng the person to whom the leg 
sections are to be attached w i th tho foot put on tho foot orthos i s port i on 
dur i ng th e l and i ng p e r i od, be i ng conn e ct e d w i th 
joint regions corresponding to an ankle joint, a knee joint, and a hip joint of 
each leg of the person to whom the leg sections are to be attached , 
rospoct i vo l y, a l ong tho l og, 
link members for attaching the foot orthosis portion and the joint regions to the 
person's legs, and 

the torque generation means capable of generating a support torque applied 
to the joint regions corresponding to the ankle joint, the knee joint, and 
the hip joint of the4eq person's legs to which the leg sections are to be 

the method comprising: 

a moment estimation step-e f comprising: 

sequentially estimating person-side joint moments when the person 
wearing the leg body exercise assistive apparatus is moving the 
person's legs , which-af e includes as components thereof 
moments to be generated at least in the ank l o jo i nt, tho knee 
joint,-af^ the hip join t, and the ankle joint of each leg, ifi-a 
s i tuat i on whoro tho person wear i ng tho l og body oxorc i so 
ass i st i ve apparatus is making a mot i on of h i s or hor both l ogs, 
on the assumption that the person is making almost the same 
motion as the motion of the legs with the leg body exercise 
assistive apparatus removed from the person, and 
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ef-sequentially estimating apparatus-side joint moments, which-afe 

includes as components thereof moments to be generated in the 
joint regions of the leg body exercise assistive apparatus 
corresponding to the ank l o jo i nt, tho knee joint,-afid the hip joints 
and the ankle joint of each leg, respectively, on the assumption 
that the leg body exercise assistive apparatus is independently 
making almost the same motion as the motion of the person's 
legs without being attached to the person ; and 
a torque control step-o f comprising controlling the torque generation means so 
as to generate a torquo, as tho support torque, which is obtained by 
adding a torque determined according to-aft the estimated value of the 
person-side joint moment corresponding to the joint region concerned 
to a respective reference torque, assum i ng on the assumption that-aft 
the estimated value of the apparatus-side joint moment of each joint 
region corresponding to each of the ankle joint, the knee joint, and the 
hip joint is the reference torque to be generated by the torque 
generation means corresponding to the joint region concerned. 

Claim 3 (currently amended): The generated torque control method for a leg 
body exercise assistive apparatus according to claim 1, wherein the person-side joint 
moment and the apparatus-side joint moment estimated in the moment estimation 
step are moments around an axis substantially perpendicular to a leg plane defined 
as a plane passing through the hip joint, the knee joint, and the ankle joint of each 
leg of the person. 

Claim 4 (currently amended): The generated torque control method for a leg 
body exercise assistive apparatus according to claim 1 , wherein the moment 
estimation step includes: a first step of sequentially grasping an acceleration of a 
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predetermined region of the person or the leg body exercise assistive apparatus; a 
second step of sequentially grasping displacements of the hip joint, the knee joint, 
and the ankle joint of each leg of the person; a third step of sequentially estimating 
floor reaction forces acting on the person and the application point thereof, on the 
assumption that almost the same motion as the motion of both legs of the person is 
being made with the leg body exercise assistive apparatus removed from the person; 
a fourth step of sequentially estimating floor reaction forces acting on the leg body 
exercise assistive apparatus and the application point thereof, on the assumption 
that the leg body exercise assistive apparatus is independently making almost the 
same motion as the motion of both legs of the person without being attached to the 
person ; a fifth step of estimating the person-side joint moment by inverse dynamics 
calculation processing by using the acceleration grasped in the first step, the 
displacements grasped in the second step, the floor reaction forces and the 
application point thereof estimated in the third step, and a person-side rigid link 
model which represents the person as a link body formed of a plurality of rigid 
elements and joint elements; and a sixth step of estimating the apparatus-side joint 
moment by inverse dynamics calculation processing by using the acceleration 
grasped in the first step, the displacements grasped in the second step, the floor 
reaction forces and the application point thereof estimated in the fourth step, and an 
apparatus-side rigid link model which represents the leg body exercise assistive 
apparatus as a link body formed of a plurality of rigid elements and joint elements. 

Claim 5 (currently amended): The generated torque control method for a leg 
body exercise assistive apparatus according to claim 4, wherein: 

the person-side joint moment estimated in the fifth step and the apparatus- 
side joint moment estimated in the sixth step are moments around an axis 
substantially perpendicular to a leg plane defined as a plane passing through the hip 
joint, the knee joint, and the ankle joint of each leg of the person; and 
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the acceleration grasped in the first step, the floor reaction forces and the 
application point thereof estimated in the third step, and the floor reaction forces and 
the application point thereof estimated in the fourth step are all three-dimensional 
quantities, 

the displacements of the hip joint, the knee joint, and the ankle joint of each 
leg grasped in the second step each include an amount of rotation around an axis 
substantially perpendicular to the leg plane of the leg and the displacement of the hip 
joint is a three-dimensional quantity, 

the generated torque control method further comprising: 

a seventh step of sequentially grasping an acceleration of a predetermined 
reference point fixed to a person's predetermined region as a three-dimensional 
quantity by using at least the acceleration grasped in the first step; 

an eighth step of sequentially grasping the positions and postures on the leg 
plane of the elements of each leg section of the person-side rigid link model by using 
at least the displacements grasped in the second step and the person-side rigid link 
model; 

a ninth step of grasping the positions and postures on the leg plane of the 
elements of each leg section of the apparatus-side rigid link model by using at least 
the displacements grasped in the second step and the apparatus-side rigid link 
model, wherein: 

the fifth step includes estimating the person-side joint moment by using a two- 
dimensional quantity, which is obtained by projecting the acceleration of the 
predetermined reference point grasped in the seventh step and the floor reaction 
forces and the application point thereof estimated in the third step onto the leg plane 
corresponding to each leg according to the displacement of the hip joint, and the 
positions and postures grasped in the eighth step; and 

the sixth step includes estimating the apparatus-side joint moment by using a 
two-dimensional quantity, which is obtained by projecting the acceleration of the 
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predetermined reference point grasped in the seventh step and the floor reaction 
forces and the application point thereof estimated in the fourth step onto the leg 
plane corresponding to each leg according to the displacement of the hip joint, and 
the positions and postures grasped in the ninth step. 

Claim 6 (original): The generated torque control method for a leg body 
exercise assistive apparatus according to claim 4, wherein the third step includes 
estimating the floor reaction forces acting on the person and the application point 
thereof by using at least the acceleration grasped in the first step, the displacements 
grasped in the second step, and the person-side rigid link model and the fourth step 
includes estimating the floor reaction forces acting on the leg body exercise assistive 
apparatus and the application point thereof by using at least the acceleration 
grasped in the first step, the displacements grasped in the second step, and the 
apparatus-side rigid link model. 

Claim 7 (original): The generated torque control method for a leg body 
exercise assistive apparatus according to claim 5, wherein the third step includes 
estimating the floor reaction forces acting on the person and the application point 
thereof by using at least the acceleration grasped in the first step, the displacements 
grasped in the second step, and the person-side rigid link model and the fourth step 
includes estimating the floor reaction forces acting on the leg body exercise assistive 
apparatus and the application point thereof by using at least the acceleration 
grasped in the first step, the displacements grasped in the second step, and the 
apparatus-side rigid link model. 

Claim 8 (currently amended): The generated torque control method for a leg 
body exercise assistive apparatus according to claim 2, wherein the person-side joint 
moment and the apparatus-side joint moment estimated in the moment estimation 
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step are moments around an axis substantially perpendicular to a leg plane defined 
as a plane passing through the hip joint, the knee joint, and the ankle joint of each 
leg of the person. 

Claim 9 (previously presented): The generated torque control method for a 
leg body exercise assistive apparatus according to claim 2, wherein the moment 
estimation step includes: a first step of sequentially grasping an acceleration of a 
predetermined region of the person or the leg body exercise assistive apparatus; a 
second step of sequentially grasping displacements of the hip joint, the knee joint, 
and the ankle joint of each leg of the person; a third step of sequentially estimating 
floor reaction forces acting on the person and the application point thereof, on the 
assumption that almost the same motion as the motion of both legs of the person is 
being made with the leg body exercise assistive apparatus removed from the person; 
a fourth step of sequentially estimating floor reaction forces acting on the leg body 
exercise assistive apparatus and the application point thereof, on the assumption 
that the leg body exercise assistive apparatus is independently making almost the 
same motion as the motion of both legs of the person; a fifth step of estimating the 
person-side joint moment by inverse dynamics calculation processing by using the 
acceleration grasped in the first step, the displacements grasped in the second step, 
the floor reaction forces and the application point thereof estimated in the third step, 
and a person-side rigid link model which represents the person as a link body formed 
of a plurality of rigid elements and joint elements; and a sixth step of estimating the 
apparatus-side joint moment by inverse dynamics calculation processing by using 
the acceleration grasped in the first step, the displacements grasped in the second 
step, the floor reaction forces and the application point thereof estimated in the fourth 
step, and an apparatus-side rigid link model which represents the leg body exercise 
assistive apparatus as a link body formed of a plurality of rigid elements and joint 
elements. 
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Claim 10 (currently amended): The generated torque control method for a leg 
body exercise assistive apparatus according to claim 9, wherein: 

the person-side joint moment estimated in the fifth step and the apparatus- 
side joint moment estimated in the sixth step are moments around an axis 
substantially perpendicular to a leg plane defined as a plane passing through the hip 
joint, the knee joint, and the ankle joint of each leg of the person; and 

the acceleration grasped in the first step, the floor reaction forces and the 
application point thereof estimated in the third step, and the floor reaction forces and 
the application point thereof estimated in the fourth step are all three-dimensional 
quantities, 

the displacements of the hip joint, the knee joint, and the ankle joint of each 
leg grasped in the second step each include an amount of rotation around an axis 
substantially perpendicular to the leg plane of the leg and the displacement of the hip 
joint is a three-dimensional quantity, 

the generated torque control method further comprising: 

a seventh step of sequentially grasping an acceleration of a predetermined 
reference point fixed to a person's predetermined region as a three-dimensional 
quantity by using at least the acceleration grasped in the first step; 

an eighth step of sequentially grasping the positions and postures on the leg 
plane of the elements of each leg section of the person-side rigid link model by using 
at least the displacements grasped in the second step and the person-side rigid link 
model; 

a ninth step of grasping the positions and postures on the leg plane of the 
elements of each leg section of the apparatus-side rigid link model by using at least 
the displacements grasped in the second step and the apparatus-side rigid link 
model, wherein: 

the fifth step includes estimating the person-side joint moment by using a two- 
dimensional quantity, which is obtained by projecting the acceleration of the 
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predetermined reference point grasped in the seventh step and the floor reaction 
forces and the application point thereof estimated in the third step onto the leg plane 
corresponding to each leg according to the displacement of the hip joint, and the 
positions and postures grasped in the eighth step; and 

the sixth step includes estimating the apparatus-side joint moment by using a 
two-dimensional quantity, which is obtained by projecting the acceleration of the 
predetermined reference point grasped in the seventh step and the floor reaction 
forces and the application point thereof estimated in the fourth step onto the leg 
plane corresponding to each leg according to the displacement of the hip joint, and 
the positions and postures grasped in the ninth step. 

Claim 1 1 (previously presented): The generated torque control method for a 
leg body exercise assistive apparatus according to claim 9, wherein the third step 
includes estimating the floor reaction forces acting on the person and the application 
point thereof by using at least the acceleration grasped in the first step, the 
displacements grasped in the second step, and the person-side rigid link model and 
the fourth step includes estimating the floor reaction forces acting on the leg body 
exercise assistive apparatus and the application point thereof by using at least the 
acceleration grasped in the first step, the displacements grasped in the second step, 
and the apparatus-side rigid link model. 

Claim 12 (previously presented): The generated torque control method for a 
leg body exercise assistive apparatus according to claim 10, wherein the third step 
includes estimating the floor reaction forces acting on the person and the application 
point thereof by using at least the acceleration grasped in the first step, the 
displacements grasped in the second step, and the person-side rigid link model and 
the fourth step includes estimating the floor reaction forces acting on the leg body 
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exercise assistive apparatus and the application point thereof by using at least the 
acceleration grasped in the first step, the displacements grasped in the second step, 
and the apparatus-side rigid link model. 
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